We produced a monoclonal antibody against Rhizobium trifolii 162X95. This antibody in cell culture supernatant was used in an indirect enzyme-linked immunosorbent assay to differentiate strain 162X95 from naturalized strains in the Appalachian region. Nodules crushed in 0.1 to 0.2 ml of phosphate-buffered saline and used to charge enzyme-linked immunosorbent assay plates gave strong absorbance readings. Heatinactivated and noninactivated portions of 162X95 cultures were strongly reactive, indicating that the antigen is probably a carbohydrate. Of 10 strains from California, where 162X95 was isolated, 6 strongly cross-reacted with the antibody. The cellular protein patterns in a sodium dodecyl sulfate-polyacrylamide gradient gel of cross-reactive strains were essentially identical. A Western blot analysis indicated that the antibody was against a 19.8-kilodalton band. The Western blot analysis also revealed that the polyvalent antiserum contained other strongly reacting antibodies with molecular weights of approximately 20,000, indicating the possibility that other monoclonal antibodies to detect strain 162X95 may be produced. However, the available antibody has been shown to be useful for short-term experiments. Based upon protein profiles and immunological reactions, there are 4 or 5 California strains rather than 10.
We produced a monoclonal antibody against Rhizobium trifolii 162X95. This antibody in cell culture supernatant was used in an indirect enzyme-linked immunosorbent assay to differentiate strain 162X95 from naturalized strains in the Appalachian region. Nodules crushed in 0.1 to 0.2 ml of phosphate-buffered saline and used to charge enzyme-linked immunosorbent assay plates gave strong absorbance readings. Heatinactivated and noninactivated portions of 162X95 cultures were strongly reactive, indicating that the antigen is probably a carbohydrate. Of 10 strains from California, where 162X95 was isolated, 6 strongly cross-reacted with the antibody. The cellular protein patterns in a sodium dodecyl sulfate-polyacrylamide gradient gel of cross-reactive strains were essentially identical. A Western blot analysis indicated that the antibody was against a 19.8-kilodalton band. The Western blot analysis also revealed that the polyvalent antiserum contained other strongly reacting antibodies with molecular weights of approximately 20,000, indicating the possibility that other monoclonal antibodies to detect strain 162X95 may be produced. However, the available antibody has been shown to be useful for short-term experiments. Based upon protein profiles and immunological reactions, there are 4 or 5 California strains rather than 10.
Rhizobia which nodulate clovers (Rhizobium leguminosarum biovar trifolii) are classified for practical purposes in the Rhizobium trifolii cross-inoculation group (15) . Strainspecific qualities are associated with the ability of these bacteria to nodulate and efficiently fix N2 in symbiosis with different clover species (9, 16) . Other factors associated with strains are competitiveness for nodule formation with naturalized R. trifolii strains in soil (3) and the ability to survive in soil (8) . Inoculation methods, soil chemical properties, and climate can influence nodulation by a particular strain (9) . Selection of superior strains or the best inoculation method depends upon the ability to show that a specific strain occupies a significant number of plant nodules. Mutation of a strain to antibiotic resistance has been used as a marker (4), but careful testing of a mutant is required to determine that it is genetically equivalent to the original strain in characteristics associated with symbiosis (5). Immunological markers, which are revealed by immunodiffusion of the bacterial antigens against rabbit antisera, are useful but often lack specificity (3, 21) . Both of the methods described above also depend upon the preliminary step of culturing strains from nodules. Use of immunofluorescent staining (22) or an enzyme-linked immunosorbent assay (ELISA) (1, 2, 13) to detect rhizobia in crushed nodules eliminates the culturing step but may also be nonspecific because of cross-reactivity of rabbit antisera (23) . Adsorption of polyclonal antiserum with cross-reactive strains is a useful technique to obtain highly specific antiserum (20) . However, in some cases an adsorbed antiserum is crossreactive (20) . Protein profile patterns of cells as revealed by sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (10, 11, 17) are used to subdivide and explain serological groups of Rhizobium species. Protein profiles provide valuable permanent fingerprints for strain identification. However, as a method for tracing strains, gel electrophoresis is impractical because of the skill and time required * Corresponding author.
for preparation and electrophoresis of samples. Monoclonal antibodies are precise tools for bacterial identification (7) . The use of monoclonal antibodies in enzyme-linked assays (24) may be the most expedient way to detect nodule occupancy by one of several closely related strains of rhizobia. Production of antibody-secreting hybridomas requires specialized laboratories, yet once they are produced, the antibodies themselves can be produced in large quantities and used as standardized reagents in many different laboratories.
In this report we describe the production of murine monoclonal antibodies to a R. trifolii strain. When the indirect ELISA and 96-well assay plates were used, this strain could be rapidly differentiated from naturalized strains in culture and in crushed nodules. Protein profile patterns and a Western blot analysis in which monoclonal and polyclonal antisera were used revealed the homogenity of strains which cross-reacted with the monoclonal antibody.
MATERIALS AND METHODS
Bacteria. R. trifolii 162X95 (Nitragin Co., Milwaukee, Wis.) was grown to stationary phase in defined broth culture medium (14) and then refrigerated. This culture was used for mouse immunizations and as the antigen for the indirect ELISA to detect specific antibodies. Fresh cells from logphase cultures were used to determine protein profiles by gradient gel electrophoresis. Naturalized strains of R. trifolii, R. leguminosarum, and R. meliloti and a cowpea strain (Bradyrhizobium sp.) were used to determine the specificity of the antibodies.
Immunization of mice. Six male BALB/c mice were injected subcutaneously with 0. Antibodies from three cell lines showed specificity for strain 162X95. Of these, one cell line produced a stable clone. Supernatant from the cell culture which had been allowed to overgrow was collected and stored at -20°C.
Culture identification. By using the ELISA described above, the supernatant and polyclonal antiserum from immunized mice (diluted 1:250,000 in PBS) were tested for cross-reactivity against cultures of rhizobia suspended in PBS (OD440, 0.005 to 0.010). The ELISA was also performed on heat-inactivated (30 min at 100°C) and noninactivated portions of a culture of 162X95.
Nodule occupancy as determined by using the ELISA.
Nodules from 8-week-old subterranean clover (Trifolium subterraneum L.) which had been inoculated with 162X95 and grown in various horizons of six Appalachian soils (Table 1) were used to determine the sensitivity of the ELISA. Frozen nodules were thawed and graded for size according to length. Nodules were crushed in 0.1 ml of PBS and serially diluted in two-fold dilutions to 1:1,024. The controls were nodules of plants inoculated with a naturalized R. trifolii strain (strain WV22) and grown in the same soils. The plates were incubated overnight at 37°C and subjected to the ELISA described above, except that phosphataseconjugated anti-mouse antiserum (Kirkegaard and Perry) was used. The enzyme substrate used was 1 mg of pnitrophenyl-phosphate per ml in diethanolamine buffer (24) . Color development was for 1 h, after which A405 was read.
Immunoglobulin G subclass. The antibody was characterized as to the mouse immunoglobulin subclass. Double immunodiffusion was performed in agarose on glass microslides. Wells (3 mm) were cut in the agarose and charged with rabbit anti-mouse immunoglobulin subclassspecific antisera (Miles Laboratories, Inc., Naperville, Ill.). Cell culture supernatant was placed in the center well.
Protein profiles of strains. R. trifolii isolates were grown in 100 ml of medium at 28°C and 100 rpm. The cultures were centrifuged for 20 min at 25,000 x g, and the cell pellets were washed three times in cold 10 mM Tris hydrochloride buffer (pH 7.0) and centrifuged again for 10 min after each wash. The final pellet was suspended in 1 ml of running buffer and transferred to a 2.5-mI plastic centrifuge tube; the running buffer contained 0.25 M Tris, 0.19 M glycine, and 0.1% SDS. An equal volume of sample buffer was added, and the vials were placed in boiling water for 1 min and then centrifuged to pellet the undissolved residue; the 2x sample buffer contained 0.126 M Tris hydrochloride (pH 6.8), 20% (wt/vol) glycerol, 10% (vol/vol) 2-mercaptoethanol, 4% (wt/vol) SDS, and 0.002% (wt/vol) bromphenol blue. A 30-,u portion of cell extract (40 to 70 jig of protein) was applied to each 5-mmwide lane. The mass markers, gradient gels, and electrophoresis procedure used have been described previously (12) . After completion of electrophoresis, the gels were stained with silver nitrate (18) , photographed, and dried for storage.
Western blot. Proteins from strains 162X95 and 162X68 were transferred electrophoretically from SDS-polyacrylamide gels to pure nitrocellulose membranes (Mouse ProBlot; Cappel, West Chester, Pa.) for 18 h at 6 V/cm by using a Hoefer transfer cell (6) . The gels were charged with 144 ,ug of protein, which was applied to 0.8-cm-wide lanes and (Table 2 ).
However, 5 of 10 subterranean clover strains from California, where 162X95 was first isolated, cross-reacted with BE10 antibody. Strains 162X95, 162X68, and 162X97 are included in the commercial inoculant "WR" (Nitragin Co.). Increasing the concentration of antigens adsorbed to ELISA plates elicited stronger positive reactions. However, there was no indication that negative reactions of other strains occurred because of failure to adsorb to the ELISA plate at low concentrations (data not shown). Heat-inactivated cells gave ELISA absorbance readings of 1.640, compared with readings of 1.062 for noninactivated cells, indicating that the antigenic determinant is probably a carbohydrate. Polyclonal antisera against 162X95 from immunized mice crossreacted with numerous strains of R. trifolii and R. legiuminosarum ( Table 2) .
Use of monoclonal antibodies to detect 162X95 in nodules. The reactions of serially diluted, crushed nodules containing 162X95 or naturalized strain WV22 indicated that the ELISA was sensitive for all sizes of nodules (Fig. 1) . A nonspecific reaction against a large nodule from a control plant (Fig. 1 , line a) occurred at the lowest dilution. All other nodules from plants inoculated with WV22 were not reactive with the monoclonal antibody.
Protein profile patterns of strains. Electrophoresis of cellular proteins revealed homogenity among the cross-reactive isolates (Fig. 2, lanes A through F) . This was especially noticeable in the low-molecular-weight range indicated by lines 1 and 2 in Fig. 2 . Other California strains (Fig. 2 , lanes G through J) showed less homogenity compared with each other. Strain 162X43 (lane H) was similar to the crossreactive strains except for a prominent slightly lowermolecular-weight band at a molecular weight of about 20,000 (line 2). Strains 162X97 and 162X20 (lanes G and I) were similar to each other, and strain 162X77 (lane J) was different from all other California strains. Naturalized strains WV7, WV12, WV22, and WV23 (lanes K through M) had diverse and different profile patterns compared with all of the California strains, especially in the low-molecular-weight range indicated by lines 1 and 2.
Western blot. Monoclonal antibody BE10 reacted with a band at approximately 19.8 kilodaltons (Fig. 3) . Polyvalent antiserum reacted with several more bands from both 162X95 and 162X68 at molecular weights of 20,000, <14,000, and approximately 49,000. There were at least five reactive bands at molecular weights of slightly greater than to slightly less than 20,000. All reactive bands were shared by 162X95 and 162X68. The position of the reactive bands can be compared with the position of similar bands in Fig. 2 designated by line 2. It is not known which of the polyvalent antibody reactive bands are shared by rhizobia other than the six cross-reactive California strains.
DISCUSSION
Our results show that monoclonal antibodies can be used to detect a strain of R. trifolii in culture and in plant nodules. An indirect ELISA rapidly and accurately differentiated straih 162X95 'from naturalized strains in culture and in nodules. The nonspecific reaction of an undiluted large nodule from a control plant (Fig. 1) (13, 20) . Our results with polyclonal mouse antiserum showed significant cross-reactivity with cultures of R. trifolii strains -and other species of Rhizobium. Use of heat-treated cells may have eliminated much of the cross-reactivity. However, as this was the first attempt at monoclonal antibody production, we were attempting to produce any strain-specific antibody.
According to the protein profiles and immunological reactions, 6 Mutation of an antigenic determinant is a factor which must be considered when a single marker is used to detect a Rhizobium strain. We have shown that the epitope which reacts with BE10 is stable for short-term experiments. It is possible that further efforts at hybridoma production will yield antibodies to other epitopes to distinguish the 162X95 group of strains from other strains in the event of a mutation. Work is also in progress to determine the long-term effects of various stresses on the stability of the epitope which reacts with BE10.
